Soybean hulls as feed substitute of ground corn can increase the fiber digestibility and bacterial fibrolytic profile of grazing Nellore steers during the rainy season Casca de soja como substituto do milho moído pode aumentar a digestibilidade da fibra e o perfil fibrolítico bacteriano de novilhos Nelore em pastejo durante a estação chuvosa
Introduction
Feed supplementation of grazing beef cattle is a valuable strategy to correct potential nutritional unbalances in tropical pastures. Several studies in beef cattle have shown the effects of diverse feed concentrates in the diet, such as corn processing (CORRIGAN et al., 2009) , different energy sources (SCHRÖDER et al., 2003) and lipids inclusion (PATRA; YU, 2013). However, few studies have analyzed the rumen fermentation and microbial population of beef cattle grazing in tropical pastures, while dissociating the impact of energy intake due to the source of energy in the feed supplement.
Supplemental non-fibrous carbohydrates as starch can increases the feed intake and provides additional energy to grazing cattle on tropical pastures. Nonetheless, corn supplementation has been limited, due to the increase in global biofuel production, livestock and human utilization that have resulted in high prices of important feed grains for livestock (POPP et al., 2014) . Consequently, the demand for alternative energy sources to corrects nutritional imbalances in grazing beef cattle have shown an important increasing.
Other source that improves energy balance and productive efficiency of beef cattle is the use of lipids in supplements. However, when beef cattle are supplemented with lipids, ruminal fermentation can be altered due to the toxicity of long-chain fatty acids, especially unsaturated fatty acids (UFA), to ruminal fibrolytic bacteria and methanogenic archaea (HENDERSON, 1973; JENKINS, 1993) , resulting in lower fiber digestibility and DM intake, depending on the composition of basal diet. Thus, different nutritional strategies as whole soybean grain have been used to reduce the UFA effects on rumen microbes or ruminal fermentation parameters in beef cattle (GOMEZ-INSUASTI et al., 2014; GOMEZ-INSUASTI et al., 2018) .
On the other hand, soybean hulls is a byproduct of soybean oil and soybean meal industry, that offer a potentially profitable pathway for strategies of grazing cattle supplementation. Previous reports in grazing cattle have shown that soybean hulls supplementation may increase crude protein digestibility and rumen population of Ruminococcus albus during dry season (NETO et al., 2017) . Still there is lack in the evaluation of the effect of replacement of ground corn by soybean hulls associated or not to whole soybean grain in the supplements on rumen microbial population and fermentation parameters in grazing growing Nellore steers. Thus, this study aimed to evaluate the effect of substitution of corn by soybean hulls associated or not to soybean grain in the supplements on intake, nutrient digestibility, rumen microbial population, and fermentation parameters of growing Nellore steers grazing Brachiaria brizantha cv. Xaraés during rainy season. Our hypothesis is that soybean hulls associated with whole soybean grain could replace ground corn as a source of energy in the supplement of steers grazing during rainy season, without adversely affecting feed intake, fermentation parameters and ruminal microbiota.
Material and Methods
The protocol used in this experiment was in accordance with the Brazilian College of Animal Experimentation (Colégio Brasileiro de Experimentação Animal) guidelines and was approved by the Ethics, Bioethics, and Animal Welfare Committee (Comissão de Ética e Bem Estar Animal) of the Faculty of Agriculture and Veterinary Sciences -São Paulo State University (UNESP) -Jaboticabal campus (protocol number 021119/11).
Animals and management
The experiment was conducted at the UNESP (Jaboticabal, SP, Brazil) from December 2012 to May 2013, in the rainy season. Under the international Köppen classification this climate is characterized as tropical type AW with summer rains and relatively dry winter; the local altitude is 595 m, at 21°15'22" S, 48º18'58" W. The average maximum annual temperature is 29.1°C, and the average minimum annual temperature is 16.5°C. The average annual precipitation is 105 mm, with 85% of the rainfall occurring between the months of October and March.
A replicated 4 × 4 Latin square design experimental using eight ruminal cannulated Nellore steers (425 ± 36 kg, at 20 mo of age) and four experimental periods in a 2 × 2 factorial arrangement, were used to evaluate the combined effects feed supplements with: (1) ground corn combined with soybean grain (SG); (2) ground corn without SG; (3) soybean hulls (SH) combined with SG; (4) SH without SG, on intake, nutrient digestibility, ruminal fermentation parameters and ruminal microbiology over four 21 d periods. Each period consisted of 14 d for adaptation to the supplement and 7 d for sampling.
Initially, the animals were weighed, identified, and treated against ecto -and endoparasites by administration of ivermectin (Ivomec, Merial, Paulínia, BR), and allocated into 4 paddocks of 0.25 ha each, consisting of Brachiaria brizantha cv. Xaraés. Pasture, used in this study, was established in 2011. Fertilizer was applied only once during entire the experimental period (February, 2013), 200 kg -1 ha of N:P 2 O 5 : K 2 O (20:05:20). The paddocks were fitted with smooth wire fencing, waterers and a collective covered feed bunk to provide the supplement.
The proportion of ingredients and chemical composition of supplements are presented in Table  1 . The supplements evaluated were ground corn combined with whole soybean grain (SG); ground corn without SG; soybean hulls (SH) combined with SG; and SH without SG. All supplements contained 28% of DM of crude glycerin (83.90% glycerol, 1.75% ether extract [EE], 4.30% ash, and 12.01% water) was acquired from a soybean-oil-based biodiesel production company (Cargill, Três Lagoas, Mato Grosso do 100 Sul, Brazil) . This is a byproduct that can be used in ruminant diets without compromising intake and performance (DROUILLARD, 2012; PARSONS et al., 2009 ). Animals were individually supplemented at the rate of 500 g 100 kg -1 of body weight (BW) daily at 10:00 a.m. Individual steers BW was recorded at the initiation of each period without fasting period, to adjust the amount of supplement.
Forage mass in each paddock was estimated in each period during the grazing study. The average sward height was taken by reading 50 sampling points in each paddock, using a graduated stick in cm (BARTHRAM, 1985) . Every 21 d, the average sward height, was utilized for sampling 4 sites, where all forage included within the perimeter of the rising plate (0.25 m 2 ) was collected by clipping at 5 cm above soil level from sites that represent the mean forage mass of paddock. The clipping samples were dried to a constant weight under forced air at 55°C. Dry weights of these clippings were multiplied by the paddock area, to estimate the forage mass. Paddocks had an average forage mass of 10.3 ton -1 ha ± 344 kg and an average sward height of 39.0 cm ± 6.2. The grazing method used was the continuous grazing system (ALLEN et al., 2011) , and the initial average sward height was 47 ± 5.9 cm. Forage samples were collected during each period by the hand-plucking technique (JOHNSON, 1978) .
Forage and concentrate samples were oven-dried at 55 °C for 72 h and ground by passage through a Wiley Mill 1 mm screen.
Proximate analysis
The samples of ingredients, supplements, forage, and feces were analyzed for DM (method 934.01), OM (method 942.05), and EE (method 920.85) according to the Association of Official Analytical Chemists (AOAC, 1995) . Concentrations of N were determined by rapid combustion (850°C), conversion of all N-combustion products to N2, and subsequent measurement by thermo conductivity cell (Leco ® 125 model FP-528; LECO Corporation, St. Joseph, MI). Crude protein was calculated as the percentage of N in the sample multiplied by 6.25. The GE content of supplements, forage, and feces was determined using an adiabatic bomb calorimeter (model 6300; Parr Instrument Company, Moline, IL). Analyses for neutral detergent fiber (aNDF) were conducted using heat stable α-amylase (Termamyl 2X, Novozymes, Araucária, BR), and without the addition of sodium sulfite, expressed inclusive of residual ash following Van Soest et al. (1991) and adapted for the Ankom200 Fiber Analyzer (Ankom Technology, Fairport, NY).
Intake estimation
Intake and nutrient digestibility were estimated in all periods using a marker method. Lignin isolated, purified, and enriched from Eucalyptus grandis (LIPE ® ) and indigestible neutral detergent fiber (iNDF) were used to estimate the excretion of fecal matter (as dry weight), and forage intake, respectively. The intake of concentrate was obtained through the individual supply of supplement, calculated according to the body weight of the animal.
External lignin isolated marker purified and enriched from Eucalyptus grandis (LIPE ® -Simões Saliba Research products, Florestal, Brazil) was provided for 7 d by cannula infusion of a 500 mg bolus, with 4 d to stabilize fecal excretion of the marker, and in the last 3 d for sample collection (SANTOS et al., 2011) .
Fecal samples were collected on d 19, 20, and 21 of each periods, directly from the rectum, at 1100 and 1700, 0900 and 1500, and 0700 and 1300 h, during the first, second, and third d of collection, respectively (BARROS et al., 2009 ). The fecal samples were dried at 55°C for 72 h and ground in a Wiley mill (Thomas Scientific, Swedesboro, NJ) to pass through a 1-mm screen and composited proportionately on each of 3 d and hours of sampling, within each animal, based on fecal dry weights. Approximately 10 g of each composited sample of feces was sent to the Federal University of Minas Gerais (Belo Horizonte, MG, Brazil) to analyse the lignin marker concentration using the infrared spectroscopy method (SALIBA et al., 2013) .
The samples of feces, forage, and concentrate were placed in Ankom bags (Filter bag F57; Ankom Technology Corporation, Fairport, NY) and incubated in the rumen of a cannulated Nellore animal for a period of 288 h (VALENTE et al., 2011) . When the bags were withdrawn from the rumen, they were soaked in water for 30 min and gently washed by hand under running water until the wash water ran clear. The bags were then placed in an Ankom200 fiber Analyzer (Ankom Technology, Fairport, NY, USA), according to the methods described by Van Soest et al. (1991) , and the iNDF was determined by weighing the bags with a digital scale after drying them in an oven, first at 55°C for 72 h and then at 105°C for 12 h. The residue was considered as iNDF. Individual forage intakes were estimated by subtracting marker excretion from the concentrate from the total iNDF excretion and dividing that difference by the concentration of the marker in the forage.
Ruminal fermentation
Rumen pH, ammonia N (NH 3 -N), and volatile fatty acids (VFA) were measured d 18 of each period, when rumen fluid samples (around 80 mL) were collected manually at 0, 3, 6, 12 and 18 h after supplementation (1000 h). Rumen fluid (liquid and solid phase) was obtained from several sites within the rumen and was subsequently strained through two layers of cheesecloth. Immediately after collection, the pH of rumen fluid was determined using a digital potentiometer (ORION 710A, Boston, MA). An aliquot of collected fluid (50 mL) was poured into plastic bottle and frozen at -20°C for subsequent analysis of NH 3 -N concentration. Ruminal fluid NH 3 -N was analyzed by distilling with 2 M KOH in a micro-Kjeldahl system, according to the original procedures of Fenner (1965) . The samples collected for analysis of VFA were centrifuged at 13,000 x g (4°C) for 30 min and quantified by gas chromatography (GC Shimatzu model 20-10, automatic injection) 174 using capilar column (SP-2560, 100 m × 0.25 mm in diameter and 0.02 mm in thickness, Supelco, Bellefonte, PA) according to the methodology of Palmquist and Conrad (1971) .
Rumen microbial profile
Ruminal microbiology (bacteria and protozoa) samples were collected on day 18, 3 h after supplementation. For protozoa population cell counts were obtained from rumen content aliquots that were preserved in formalin (a solution of equal parts water and 370 mL -1 L formaldehyde) according to D' Agosto and Carneiro (1999) . Ciliate protozoa species were identified and quantified the in-chamber Sedgewick-Rafter, according to Dehority (1984) .
For the quantification and identification of rumen bacteria, fifty grams of the ruminal contents (liquid and solid fraction) were weighed and immediately processed to obtain a bacterial pellet as describe by Granja-Salcedo et al. (2017a) . DNA extraction was conducted in 250 mg of bacterial pellet using the extraction FastDNA ® SPIN Kit for Soil and FastPrep ® Instrument (MP Biomedical, LLC). The integrity of the DNA was checked by electrophoresis on agarose gel (0.8%). Complementary DNA was assessed by spectrophotometry (Thermo Scientific NanoDrop™ 1000) for evaluation of its quality and quantity. For quantification of bacteria species important for fiber degradation (Fibrobacter succinogenes, R. albus, R. flavefaciens) starch digestion (Selenomonas ruminantium), ruminal lipid metabolism (Anaerovibrio lipolytica) and rumen methanogens (Archaea), the technique used was qPCR. The primers used in this study are shown in Table 2 .
Three concentrations (400, 600, and 800 nM) of forward and reverse primers were tested to determine minimum primer concentration giving the lowest threshold cycle and to reduce nonspecific amplification before starting the reaction. In addition, for each primer set were determined the slope value, from which the efficiency was calculated. The validation of the selected-primers concentrations was performed with different concentrations of DNA (150, 125, 100, 50, and 25 ng).
The amplifications were performed in triplicate and negative controls were run in the assay, omitting the total DNA. The reactions were conducted in the 7500 Real Time PCR System. Rox was used as a passive reference dye. The qPCR reaction was carried out using 100 ng of total DNA in a reaction containing: 6.25 μL of SYBR ® Green PCR Master Mix (Bio-Rad, Hercules, California, USA), 10 pmol of primer pair, and ultrapure water to a final volume of 12.5 μL. Cycling conditions were 50°C for 2 min; 95°C for 10 min; and 40 cycles of 95°C for 15 seconds, 60°C for 1 min, and 78°C for 30 seconds. After amplification cycles, a step was added in which temperature was increased from 60 to 95°C to obtain dissociation curve of the reaction products, used for analyzing the specificity of amplification. Relative quantification was used to determine species proportion; the total 16S rRNA gene amplified by the general bacterial primer set was used for normalization of the data (DENMAN; MCSWEENEY, 2006) . The results were expressed as a 16S rDNA ratio of general bacteria, following the equation:
Relative quantification = 2-(Ct target -Ct total bacteria);
Where Ct was defined as the number of cycles required for the fluorescent signal to cross the threshold. Table 2 . PCR primers used in this study for the quantification of specific rumen microbes by qPCR.
Primer
Sequence (5` Primers used for qPCR normalization; F = "forward"; R = "reverse". † Denman and McSweeney (2006) . ‡ Denman, et al. (2007) . § Fuentes et al. (2009) . ∞ Khafipour et al. (2009) .
Microbial protein yield
To determine the microbial protein yield, spot samples of urine were estimated by total excretion of purine derivatives through spontaneous urination collection on d 21 of each experimental period, 4 h after of supplementation. Urine samples were filtered through cheesecloth and aliquots of 10 mL were diluted in 40 mL of sulfuric acid at 0.036 N to avoid bacterial degradation of purine derivatives and uric acid precipitation (VALADARES et al., 1999) , and subsequently intended for the quantification of urinary levels of urea nitrogen, creatinine, allantoin.
Allantoin was analyzed according to the method described by Chen and Gomes (1992) . The final point colorimetric method was used to determine uric acid concentrations in urine (Labtest Diagnostic S.A., Lagoa Santa, Brazil). The total excretion of purine derivatives was calculated from the sum of the quantities of allantoin and uric acid excreted in the urine, expressed as mmol -1 d. The microbial efficiency was calculated as total microbial biomass per TDN intake (NRC, 2000) .
Urine volume was estimated according to Chizzotti et al. (2008) . Urinary creatinine excretion (UCE) was related with the shrunk body weight (SBW) and estimated according to Costa e Silva et al. (2012) .
Samples of feces and urine were evaluated for nitrogen content using a LECO FP-528 nitrogen analyzer (LECO Corp., St. Joseph, MI). The amount of nitrogen absorbed was obtained from the difference between the nitrogen ingested and the nitrogen excreted in the feces, whereas the Nitrogen balance (N retained, g -1 d).
Statistical analysis
Data of intake, apparent digestibility, protozoa and bacteria population were analyzed using the MIXED procedures (SAS ® software, SAS Inst. Inc., Cary, NC, USA), considering a replicated 4 × 4 Latin square (four treatments and four periods), with a A x B factorial arrangement. The fixed effect of factor A corresponds to the soybean hulls provision (yes or no), and factor B to the soybean grain provision (yes or no). The model included the fixed effect of factor A, factor B, factors interactions and treatments error; the random effects of Latin square, experimental period, animal, and residues corresponding to the model. Data of protozoa were transformed to log10, plus a drive to meet the requirements of the SAS analysis.
Data of pH, NH 3 -N, and VFA analysis of variance also includes a model with repeated measures overtime and the model included the fixed effect of factor A, factor B, sampling time and its interactions; the random effects of Latin square, period, animal, and residues corresponding to the model.
Normality and homoscedasticity of the data was verified using the UNIVARIATE procedure of SAS. Studentized residuals were plotted against the predicted values using the plot procedure to analyze data for outliers. The LSMEANS statement of the mixed procedure of SAS was used to calculate mean values. When the treatments were significant, the means were compared with Tukey tests using the PDIFF option in LSMEANS command. The level of significance used to assess differences among means was α = 0.05.
Results
Supplement intake was no affected by SG or SH (mean 2.12 kg -1 d, P>0.05). There were no interactions between SH and SG provision in the supplement regarding intake of DM (% of BW; kg -1 d), forage DM, supplement DM, OM, CP, aNDF, EE and GE. There were no effects of SH supplementation on intake of DM, forage DM, supplement DM, OM, CP, aNDF, EE, and GE. However, the addition of SG decreased the intake of DM, forage DM, OM, CP, aNDF, GE and increased the EE intake (SG = 0.35, No SG = 0.18 kg -1 d) (Table 3) . Animals supplemented with SH without SG had greater digestibility of DM (74.52), OM (77.62), CP (77.51), NDF (71.93) and GE (72.90) than animals supplemented with SH with SG (DM = 69.01, OM = 71.92, CP = 72.81, NDF = 66.01, GE = 68.01) expressed as % (P≤0.01). Consequently, the digestibility of aNDF increased at 8.0 % for animals supplemented with SH without SG (Table 3 ).
There was not interaction between sampling time x SH x SG on ruminal pH, NH 3 -N and VFA concentrations of Nellore on pasture during growing phase (Table 4 , P>0.05). However, the addition of SG in the supplements decreased the pH and NH 3 -N (P=0.02). There were no interactions between SH and SG supplementation on numbers of Dasytricha, Isotricha, Polyplastron, Ostracodinium, and total protozoa (Table 5, P>0.05). However, there was interaction between SH and SG supplementation on Entodinium population; Animals supplemented without SH without SG showed greater Entodinium counts (6.01 n x 10 4 ml -1 , P=0.04). Additionally, SG supplementation decreased the numbers of Dasytricha, Isotricha, and ruminal total protozoa (P<0.01). Rumen bacterial population was affected by SG × SG interaction except Fibrobacter succinogenes and Selenomonas ruminantium ( Table 6 ). The relative abundance of Ruminococcus albus, R. flavefaciens, and Archaea was higher for SH without SG diets (P<0.01). Additionally, animals supplemented with SG decreased the abundance of F. succinogenes and S. ruminantium (P<0.01). On the other hand, supplements without SH increased the population of S. ruminantium (P =0.03). There were no interactions between SH × SG for Nitrogen (N) intake, N excreted, and N retained (Table 7) . However, N intake (g -1 d) was lower in animals supplemented with SG (P =0.02). Steers supplemented with SH and with SG had greater fecal N excretion (% of N intake) than animals supplemented with SH without SG (P<0.01). In addition, the apparent N digested (% of N intake and g -1 d) were greater in SH and without SG source than SH and with SG (P≤0.02).
The production of rumen microbial nitrogen and microbial protein yield, estimated from the urinary excretion of purine derivatives, was not different among treatments (g -1 d) and (g -1 kg TDN, Table 7 ). Table 7 . Effect of replacement of ground corn by soybean hulls (SH) associated or not to whole soybean grain (SG) on nitrogen (N) balance and ruminal microbial protein yield in grazing Nellore steers during rainy season.
Item
No 
Discussion
This study reveals that soybean hulls have a similar energy value comparable to ground corn when offered as a supplement to grazing steers during the rainy season, as indicated by the similar intake and rumen fermentation parameters of these sources of energy. However, the use of whole soybean grain in the feed supplement reduced intake, protozoa population, and F. succinogenes abundance. Thus, the hypothesis that soybean hulls combined with whole soybean grain could replace ground corn as a source of energy in grazing steers during the rainy season, without affecting adversely feed intake, fermentation parameters and ruminal microbiota was rejected.
There was not observed interaction between SH and SG on dry matter (DM) and nutrient intake probably due to similarity between energy source (corn and SH) in the feed supplements tested. When, these different energy sources were combined with crude protein from pasture (higher degradable protein in rumen) during the rainy season, resulted in better synchronism in the rumen, which increased numerically the efficiencies of microbial protein synthesis observed. In agreement with our data, McDonnell et al. (1982) reported that the different source of energy in diet (corn or SH) not affected DM intake and average daily gain.
Nonetheless, the addition of soybean grain (source of oil) in diet (1.78% to 4.06% of EE, intake of 0.18 to 0.35 kg -1 d) decreased the intake of DM (13.32 %) and OM (14.4 %) . This may occurs because the inclusion of lipids in the diet of animals grazing pasture can induces a toxic effect on cellulolytic bacteria (e.g. F. succinogenes, R. albus and R. flavefaciens) by creating a physical barrier that impedes the activity of microorganisms, and consequently reduces feed intake and diet digestibility (SULLIVAN et al., 2004) . Findings of Carvalho et al. (2017) also demonstrates a reduction on DM intake due to inclusion of whole soybean grain in the supplement of grazing Nellore steers under similar conditions, with an increment of +200 g -1 d of EE intake. Additionally, Neto et al. (2017) reported a DM intake and digestibility reduction when whole soybean grain was used in the supplement of grazing Nellore steers in dry season.
Our results suggest that F. succinogenes play an important role in the diet digestibility, having a high sensibility to lipids. Animals supplemented with SG exhibited less ruminal proportion of F. succinogenes, which can be related to the negative effects of lipid content in the SG supplementation on nutrient digestibility. Some feedlot studies with Nellore steers also reported reductions on F. succinogenes abundance, due soybean oil supplementation correlating its fibrolityc bacteria with diet digestibility (GRANJA-SALCEDO et al., 2016; GRANJA-SALCEDO et al., 2017b) . In agreement with previous studies, our data demonstrate that animals supplemented with SH without SG increased DM (5.15 %), OM (5.87 %), and aNDF (11.98 %) digestibility. Growing beef cattle fed by diets with lipid inclusion indicates a feed intake and DM total tract digestibility decrement compared to control animals (BEAUCHEMIN; MCGINN, 2006; CARVALHO et al., 2017; NETO et al., 2017) . Additionally, once the intake for whole soybean grain was approximately 1.2 kg -1 d in both groups supplemented with SG, is important to consider that whole soybean grain could contains anti-nutritional factors such as trypsin inhibitor, phytic acid, oligosaccharides, among others, which decreases ruminal crude protein digestibility (TAGHINEJAD et al., 2009) , and may interfere with protein and mineral utilization in ruminants digestive tract (SIDDHURAJU et al., 2002) .
The higher abundance of R. albus and R. flavefaciens observed in steers supplemented with SH without SG may be correlated to the greater values of DM (5.15 %), OM (5.87 %), and aNDF (11.98 %) digestibility. These interactions may be due higher NDF associated to lower ether extract content of SH without SG supplement, that provide substrates to both Ruminococcus species, once proliferation of cellulolytic bacteria in the rumen would be correlated with the amount of digestible fiber in the diet (TAJIMA et al., 2001) .
The polyunsaturated fatty acid (PUFA) toxicity is generally considered more severe with increasing intake of starch but not sugar under moderate inclusion rates (MARTEL et al., 2011) . Toxicity of PUFA is more likely a result of metabolic interruption (depressed intracellular ATP and acyl CoA pools) rather than membrane toxicity (MAIA et al., 2010) . The double bonds alter the shape of the molecule, such that linked unsaturated fatty acids disrupt the lipid bilayer structure (KEWELOH; HEIPEIPER, 1996) . Henderson (1973) and Granja-Salcedo et al. (2017b) also found that a Ruminococcus sp. was sensitive to PUFA.
The ruminal pH values for all supplements ranged between 6.41 and 6.53, which were within the range considered acceptable for fiber digestion (ØRSKOV; RYLE, 1990 ). The addition of SG in the supplements no alter rumen pH values because the concentrations of total VFA (BAILE; FORBES, 1974) was similar between supplement treatment. Then this result suggested that the glycerol released from triglycerides hydrolysis in diets with inclusion of SG that could be fermented (PATRA; YU, 2013) and favors the production of free short chain fatty acids in the rumen (BATEMAN; JENKINS, 1998), was no efficient in alter concentrations of total VFA and consequently reduce pH values.
The observed increasing of Anaerovibrio lipolytica abundance in steers supplemented with SG (population 12 and 15 times higher than supplements with SH without SG, respectively), suggests that the growth of these gram-positive bacterium was stimulated, once, A. lipolytica have the capacity to hydrolyze triglycerides into glycerol and fatty acids (HARFOOT; HAZLEWOOD, 1997) . This bacterium can rapidly ferment glycerol and is predominate in grazing animals receiving concentrate feeds containing triglycerides (LOURENÇO et al., 2010) .
When expressed in absolute amounts, N intake was greater in animals supplemented without SG (297.74 g -1 d). Consequently, the lower N intake resulted in lower ruminal NH 3 -N concentrations in animals that were supplemented with SG (12.46 mg -1 dL). The concentration of NH 3 -N in the rumen results from the balance between production, absorption and incorporation of amino N into microbial protein (RUSSELL et al., 1983) . Animals supplemented with SG showed a decrease in ruminal NH 3 -N concentration of 10.03 % and in energy intake of 12.66 %. Consequently, this reduction of NH 3 -N concentrations and energy intake suppressed microbial growth, such that the microbial protein yield was 289.5 g -1 d lower compared with animals without SG supplementation. This may be explained due to animals had a reduction of fermentable organic matter intake and probably energy availability for optimal microbial growth and efficiency, once lipids are not a source of energy for rumen bacteria (DOREAU; FERLAY, 1995) .
In pasture-based systems, previous efforts to improve N capture have focused on improving energy supply to the rumen, with the objective of incorporating more ammonia into microbial protein and, thereby, increasing the AA flow to the small intestine (MILLER et al., 2001; SAIRANEN et al., 2005; MOORBY et al., 2006) . In agreement with these studies, our results showed that intake of GE increased at 12.66 % for animals supplemented without SG. Consequently, microbial protein yield also increased by 30.81 % for these animals, that possibly increased the AA flow to the small intestine and could improve the performance.
Regarding volatile fatty acids, propionate would have been expected to increase with supplements without SH, because fermentation of starch and sugars from corn promotes an increased production of propionate ( VAN SOEST, 1994) . However, when animals were supplemented with SH without SG, there was an increase of organic matter and fiber digestibility, which ultimately leads to an increase of VFA production and, thus, had no differences between SH × SG for concentrations of individual VFA. The higher concentrations of total VFA indicate the more efficient anaerobic fermentation, which may be due to increased organic matter and fiber digestibility (KHATTAB et al., 2011) .
The greater number of Entodinium in animals supplemented without SH without SG probably occur due a great adaptability to diets with high inclusion of starch (HOOK et al., 2011; GRANJA-SALCEDO et al., 2016) . Ciliate protozoa play a vital role in rumen fermentation, once that exert a protection of easily fermentable carbohydrates (sugars and starch) from sugar-starch utilizing bacteria (KAMRA, 2005) so that organic acids are not produced in plenty immediately after the feeding of animals. However, these sugars are released slowly during the day so that there is a constant supply of energy for animals in the form of short chain volatile fatty acids.
On the other hand, SG supplementation decreased the numbers of Dasytricha, Isotricha, and total protozoa. The suppression effect of diet lipids on protozoa has been reported previously (CZERKAWSKI et al., 1975; BEAUCHEMIN et al., 2008) and is probably due to the UFA toxicity (CZERKAWSKI, 1973) . This result is in agree with studies of Hristov et al. (2004) who reported that protozoa are sensitive to C18:3, C18:2, and C18:1. In Nellore steers also was observed a directly inhibition of ruminal protozoa and Archaea by diets containing soybean oil sources (GRANJA-SALCEDO et al., 2017c) . Was observed an interaction between SH × SG supplements on ruminal Archaea abundance. Nonetheless, the effect more pronounced was for SH supplements without SG, since, the population of Archaea was increased by 84.32 % when compared with SG supplements. These results are due to different factors such as defaunation effect of lipids in protozoa, which works symbiotically with Archaea, participating in transfers of hydrogen, which is used to reduce CO 2 to CH 4 (NEWBOLD et al., 1995) . The other factors that reducing the activity of Archaea was the UFA content in SG, whose can also reduce the concentration of hydrogen in the rumen by means of biohydrogenation, acting as sink of hydrogen (CZERKAWSKI, 1972) . In addition, studies showed that Archaea are susceptibility to PUFA (HOOK et al., 2010) .
Conclusions
A greater understanding of microbial variation that accompanies beneficial dietary changes will lead to novel strategies to modulate rumen to increase efficiency of animal production. The use of soybean hulls without soybean grain in the supplement may be effective to increase digestibility of DM and nutrient, N retained, R. albus and R. flavefaciens in the rumen of growing Nellore steers grazing Brachiaria brizantha cv. Xaraés during the rainy season. However, the inclusion of soybean grain in the supplement is not recommended because may reduce DM intake, protozoa population, F. succinogenes abundance, and microbial protein yield in the rumen. The implications of this study are the nutritional factors to be considered in the productive systems of grazing animals during rainy season. In addition, to the correct management of tropical forages, the use of concentrate supplementation with SH without SG can be a technology importance to keep metabolism balance, which contributes to better digestibility of nutrient in rainy season.
